Non-linear load in the distribution system has caused negative impact to its power quality especially on harmonic distortion. Charging Station (CS) is a non-linear load that widely promoted with the aim to support the continuous usage of Electric Vehicle (EV). This research is focusing on optimal placement and sizing of multiple passive filter to mitigate harmonic distortion due to CS usage at distribution system. There are 6 units of CS which being placed in low voltage buses which indirectly will inject harmonic to the system during charging. Power system harmonic flow, passive filter, CS, battery and the analysis will be model in MATLAB. Multi-objective function which are weight summation approach (WSA) and Pareto Front are used to assist meta heuristic technique which is Modified Lightning Search Algorithm (MLSA) to identify optimum location and sizing of passive filter based on improvement on propose five parameters. From the result, the optimal placements and sizing of passive filter able to reduce the maximum Total Harmonic Distortion (THD) for voltage, current and apparent losses respectively. Therefore, the propose method is suitable to reduce harmonic distortion as well as apparent losses at distribution system with present of CS.
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Next, due to the complexity of the distribution system nowadays especially after rapid development of EV and presence of distribution generation, the method to solve the problems has become critical and unique for every problem [12] . Although passive filter is able to sink the harmonic based on design, it should not be randomly located at any place in the system because it also can cause losses and harmonic distortion to become more severe. Proper research needs to be conducted to identify the best placement and sizing to maximize benefit to the distribution system.
Research Method
In general, there will be two types of harmonic that need to be mitigated in distribution network, which are voltage and current harmonic. Voltage harmonic is measured at the bus while current harmonic is measured at the lines and cables. In order to model the value of harmonic in the distribution system, it is important to identify the source of harmonic distortion connected to the network. In this research, CS is the main source of harmonic distortion injection to the network. Harmonic load flow method used in this research will be presented. Next, CS and battery modelling will be discussed in detail. Then, design of passive filter, which is single tuned filter will be derived. Constraint for this research will identify in detail. Finally, meta heuristic technique, MLSA with Weight Summation Approach (WSA) assistance and MLSA with Pareto assistance will be presented in finding optimal placement and sizing of passive filters.
Harmonic Load Flow
Many techniques have been used to perform harmonic load flow analysis [13, 14] . Generally, there are two methods used to run harmonic load flow, which are time domain analysis and frequency domain analysis [14] . In this research, frequency domain analysis was selected due to the capability of the method to save computational time when dealing with large scale power system analysis [14] . In addition, the current injection analysis method which is also known as current penetration method was used to determine voltage and current harmonic. Basic principle of this method is by injecting ideal current sources based on related frequency to represent harmonic current spectrum. The injected current will flow through system impedance which indirectly causes voltage distortion and current distortion [15] .
Therefore, parameters affecting the forming of harmonic admittance bus are the line impedances, load impedances and filter impedances values. In (1) and (2) represent the line impedance formulation and the impedance for single tuned filter at harmonic h respectively which indirectly cater for resonance impact.
where:
-Line impedance for i th line at h th harmonic order The impact of harmonic can be seen when all orders are added up together with fundamental order. In (3), (4) and (5) show the impedance formulation for the load used in setting up the harmonic admittance matrix. Based on the equations, the load will be changed to impedance form which will later be translated in harmonic impedance order. The harmonic flow is calculated using in (6) , which consists of harmonic admittance matrix and harmonic current injection as (7) and (8) . 
10-Bus Radial Distribution System and CS Location
A typical 10-Bus Radial Distribution System was used to investigate the optimal placement and sizing of variable passive filter. The harmonic distortion pattern for individual EV charger was modelled based on actual single phase charger impact as measured by Bass et. al [16] . Figure 1 show a single line diagram for IEEE 10-bus radial distribution system with low voltage 415 V buses residential feeder that consist of several CS respectively connected at bus number 10. Total numbers of buses in the network (medium and low voltages) were 28-buses. There were 6 unit of CS installed at low voltage area in this distribution system. Line data for 28-Bus radial distribution system is shown at Table 1. 
CS and Battery Modelling
CS is typically divided into three categories which are level 1, level 2 and level 3 as per SAE Standard [17] . The level of the CS is based on the power consumed by the charging station and types of specification connection. In addition, CS modelling in this research has considered the harmonic distortion value achievable by individual CS based on the battery characteristic and SOC. EV coordination requires accurate modelling of battery and CS characteristic. At lower SOC, higher current is required to charge the battery while voltage increases proportionally with SOC. Starting at 80% of SOC, voltage level reaches its maximum value and the current starts to reduce inversely proportional with SOC until the battery is fully charged. In this research, 6 types of battery that have different capacity and specification will be used to show variety and practicallity of EV in the distribution system. All battery will be put at different SOC level as per Table 2 . 
Passive Filter Modelling
The main function of a passive filter is to sink the harmonic current that flow in the system based on a selected frequency. The filter impedance will become very low to allow the harmonic to sink. Among several passive filter types, single tuned filter is the most popular type of filter which is used widely in dealing with harmonic pollution especially in the industrial area [18] . Figure 2 shows a typical design of a single tuned filter. In this paper, 4 units of single tuned filters is considered as 1 set of filter which can eliminate four frequencies. In [19] is used to calculate capacitor, inductance and resistance components respectively as in (9), (10) and (11) . Capacitor is calculated based on injected reactive power (Q) and voltage (V) at that bus, meanwhile inductance and resistance is based on the chosen harmonics (n) that need to be reduced. Three sets of filter will be used to eliminate 3 rd , 5 th , 7 th and 9 th harmonic order in the network. 
Modified Lightning Search Algorithm, WSA, Pareto and Fuzzy
Modified Lightning Search Algorithm (MLSA), which is developed based on the improvements made to the existing LSA [20, 21] , is proposed in this research. The important equations used in MLSA are approximately similar to LSA. There are four improvements that made at existing LSA to produce MLSA which detail out at [9, 12] . Load flow technique that use in this research presented in detailed at [9, 12, 22, 23] . Multi-objective technique which are WSA and Pareto also been presented in detail at [9, 12] . The parameters that use to assist MLSA are presented at (17) to (21) at [12] . Fuzzy technique that use in this research use same method as per mention at [9, 12, 24, 25 ].
Assumption and Constraint
Since 3 passive filters will be placed in the low voltage system, the total variables will become 6, which are 3 locations and 3 optimal sizes. All these parameters will have its own constraints that needs to fulfill. In general, the parameters can be fraction into 2 categories which are: a. Filter location:
The filter will be place in low voltage bus to minimize any harmonic injection to upper feeder. There are 3 locations in 28-bus radial distribution system. Furthermore, only 3 passive filter will be placed at low voltage 415 buses system. The constraints are as follows: 
Results and Analysis
From the existing system without passive filter, maximum is recorded at bus 18 with 13.546% and maximum is recorded at lines between busses 10 and 11 with the value 137.53%. Apparent losses recorded at 0.1941MVA. MLSA with WSA assistance technique is presented at [9, 12] which 5 parameters to be considered. Coefficient for all 5 parameters will be determined based on trial and error for all possible combination. Passive filter placement using MLSA with different coefficient of WSA as shown at Table 3 . Based on 37 simulations with different coefficient, the best coefficient determines using fuzzy method as per simulation number 35. The result achieve from MLSA with WSA able to reduce maximum to 9.72175% while maximum also improve to 39.94711%. However, apparent losses increases to 0.21452MVA which cause the objective to improve all 5 parameters not achieve using this method.
Next, simulation using MLSA with Pareto and Fuzzy technique, there are 4337 sets of "non-dominated" solutions. For this research, the best solution was chosen based on the improvement for all 5 parameters which is able to achieve better for all lines in the distribution system. From 4337 sets of solution, there are only 2005 sets of solution that show improvement for all five parameters which were then used in the fuzzy stage. Table 4 shows 10 best result using MLSA with Pareto and Fuzzy assistance while Table 5 shows the location and sizing of passive filter for that 10 best result. Based on the result, all parameter are improve with maximum improve to 11.25281%, maximum reduce to 58.62805% and apparent losses able to minimize to 0.192308%. Next, Table 6 shows the best solution gather for both techniques. Although using WSA method able to reduce and significantly compare to Pareto and Fuzzy method, it is important to make sure all parameter improve to give stability on overall system. Figure 3 shows the for medium voltage busses which directly shows significant reduction of . Moreover, for all lines at medium voltage system also improve significantly. Based on the result at Figure 3 and Figure 4 , shows that the appropriate placement and sizing of passive filter able to divert most of harmonic distortion from injected to medium distribution system. 
Conclusion
Preliminary results have shown that increasing the number of CS in the system will cause higher harmonics in the distribution system. In order to eliminate these harmonics, appropriate passive filters are needed to be installed in parallel with all the CSs. However, it is not practical to install filters at all buses. Therefore, MLSA with WSA and Pareto was used to propose a solution for obtaining the appropriate passive filter placement and size to cater for require voltage harmonics, current harmonic and apparent power losses. Fuzzy techniques also implemented to assist in determine the best solution among all solution. Three sets -four unit single tuned filters connected in parallel to selected buses were used to reduce the four harmonic order. The design adopted in this paper was based on the minimum number of filters used to cater for a big distribution system. From the final results, it has been proven that the proposed strategy using MLSA with Pareto and Fuzzy asistance is able to give the best placement and size of passive filters in radial distribution system with improvement on overall , and .
